BACKGROUND: after the introduction of complete mesocolic excision, a new pathological evaluation of the resected colon cancer specimen was introduced. this concept has quickly gained acceptance and is often used to compare surgical quality. the grading of colon cancer specimens is likely to depend on both surgical quality and the training of the pathologist. OBJECTIVE: the purpose of this study was to validate the principles of the pathological evaluation of colon cancer specimens. DESIGN: this was an exploratory study. SETTINGS: the study was conducted in aarhus, Denmark, and leeds, united Kingdom.
C olon cancer continues to have a high incidence in the Western hemisphere, but despite an increasing focus on the disease, the mortality rate has not markedly decreased over the last 20 years. With the introduction of complete mesocolic excision (Cme), colon cancer surgery has taken a step toward a more standardized and optimized resectional approach. the principles of Cme are obtained from optimal rectal cancer surgery, where the introduction of total mesorectal excision has markedly improved rectal cancer outcomes. 1,2 the concept of Cme is now broadly accepted and has been implemented as the standard procedure in many centers. Cme
Significant Individual Variation Between Pathologists in the Evaluation of Colon Cancer Specimens After Complete Mesocolic Excision
involves adequate removal of all tumor draining lymph nodes within an intact fascial-and peritoneal-lined package. this means dissection in the mesocolic plane when separating the colon and mesocolon from the retroperitoneum, as described by hohenberger et al, 3 a central tie of the tumor feeding artery and sufficient craniocaudal resection of the large bowel. the first part is generally accepted, whereas the last 2 components are still debated. 4 a developing body of evidence suggests that resection in the mesocolic plane is beneficial for patient survival. 5, 6 along with the introduction of Cme, a new pathological evaluation of the resected colon cancer specimen was introduced. 5 the principle of grading specimens according to the quality of resection in the mesocolic plane is also derived from the evaluation of total mesorectal excision specimens 7 and provides a better description of the surgical resection. a Cme resection should result in a specimen with a smooth and intact surface encompassing all of the potential routes for tumor spread. the pathological evaluation is also a unique opportunity for feedback from pathologists to surgeons to optimize surgery, and surgical departments can use the evaluation to report their results after implementation of Cme. 4, [8] [9] [10] [11] this pathological evaluation has likewise been implemented at many hospitals and in Denmark has recently become mandatory. the grading of colon cancer specimens depends on both the surgical quality and training of the pathologist.
at aarhus university hospital (auh), Cme was implemented in 2008 along with the pathological evaluation of the specimen. Pathologists at auh were trained by Dr Phil Quirke from the university of leeds at a postgraduate course for multidisciplinary teams.
the aim of this study was to validate the concept of pathological evaluation of the plane of surgery for colon cancer resections. in a blinded study we analyzed interobserver and intraobserver variability for surgeons and pathologists using randomly selected specimens from auh. one of the developers of the pathological evaluation was used as the reference person.
PATIENTS AND METHODS

Participants
Four specialist GI pathologists (N. P. W., R. H.-M., K. J. S., and s. R. P. K.) and 2 abdominal surgeons (D. l. e. m. and s. l.) were invited to participate in the study. none of the participants had performed the surgery, but one of the pathologists from auh may have seen some of the specimens during routine reporting years earlier. all of the pathologists at auh were trained in the principles of grading colon cancer specimens, used it routinely, and had participated in several international workshops on this subject. Both surgeons were very familiar with the principles of the pathological grading and had a short practical intro-duction by one of the pathologists. they did not routinely evaluate colon cancer specimens. the results from n.|W. were considered as the reference.
Specimens and Photographs for the Study
Because it is not possible for multiple pathologists and surgeons to review the actual specimens without disrupting the diagnostic pathway, photographs were reviewed in line with previous studies of mesocolic grading. two groups of 50 specimens were selected from a database covering 354 specimens from AUH resected between January 2008 and December 2011. 12 We randomly selected specimens using www.randomizer.org and adjusting for the location of the tumor within the colon. for all 100 specimens, whole fresh, whole formalin-fixed, and cross-sectional slice photographs were obtained and available for review. all of the photographs were prospectively collected at the unit and retrospectively analyzed for the study. they were all high resolution and in color, demonstrating the front and back of the specimen, and a metric scale was visible in all of the photos. all of the patient identifiers were removed and a unique study code given.
Grading of Specimens
During both rounds, the participants had to determine whether each specimen was resected in the mesocolic plane, the intramesocolic plane, or the muscularis propria plane. the plane of surgery has previously been described but briefly consists of the mesocolic plane a specimen with a fascial-and peritoneal-lined surface with only very minor or no defects. it also consists of an intramesocolic plane, a specimen with a moderate amount of mesocolon and defects in the surface, which are deeper than 5 mm but do not reach the muscularis propria. lastly it consists of the muscularis propria, a specimen with at least 1 defect reaching the muscularis propria.
Rounds of Grading
for round 1, all of the participants were asked to grade 50 specimens according to their current routine practice using the principles for the evaluations as described above. the gradings were performed twice, with a minimum of 3 months between each assessment so that specific specimens and their characteristics would be forgotten.
Because of the unexpected large variation in round 1, we decided that all of the participants should meet in person to go through any discrepancies in the results from that round. We agreed on more uniform principles for the grading procedure (appendix 1). afterward, round 2 was conducted with a different group of 50 specimens. again the gradings were performed twice with a minimum of 3 months apart, using the new agreed uniform principles. all of the specimens for round 1 were graded between march 2013 and febru-ary 2014 and for round 2 between november 2014 and June 2015.
Statistics
Weighted κ statistics were used to compare the observed proportions of interobserver and intraobserver agreement. the κ values >0.75 were taken as representing excellent agreement, values between 0.40 and 0.75 as fairto-good agreement, and values <0.40 as poor agreement. 13 it was not possible to calculate p values for the differences between κ values, but the signed-rank test was used to test for symmetry between participants. P values <0.05 were considered statistically significant. We also computed the proportion of perfect agreement between observers.
RESULTS
Overall Grading one specimen was excluded because 1 pathologist found it impossible to grade during round 1, leaving 99 specimens for the final analysis. according to the gold standard assessment, 67% of all specimens (both rounds) were resected in the mesocolic plane, 30% in the intramesocolic plane, and 3% in the muscularis propria plane.
Distribution of Gradings
the individual distribution of the gradings for all of the rounds is shown in figure 1. in round 1, there was substantial variation between participants, ranging from 63% of specimens resected in the mesocolic plane to 29% (figs. 1a and B). n. W. was very consistent in his grading, but 3 of 6 of the participants showed a significant change in the distribution of the gradings from assessment 1 to assessment 2 ( fig. 1B ). in round 2, there was less variation in the gradings, and there was no significant difference for any participant between assessments 1 and 2 (figs. 1C and D).
Intraobserver Variability of Surgeons and Pathologists
in round 1, we found that n. W. had excellent agreement between the first and second assessments, whereas the rest of the participants had fair-to-good agreement (table 1) . the proportion of perfect agreement between the 2 evaluations was good across the group, ranging from 71% to 90%. in round 2, all of the comparisons of the first and second assessments represented a fair-to-good agreement. figure 2 illustrates the complete intraobserver variability for n. W. for both rounds. table 2 represents the interobserver variability compared with the reference for round 1. in more than half of the comparisons, the agreement was poor; however, the proportion of perfect agreement varied between 63% and 79%, suggesting that at least approximately two thirds of the specimens were graded the same. in round 2, again more than half of the comparisons had poor agreement, and the proportion of perfect agreement varied between 58% and 76%. the overall level of agreement is shown in figure 3 . in each evaluation, the agreement was ≈70% for both the mesocolic and intramesocolic planes, whereas it was <50% for the muscularis propria plane.
Interobserver Variability of Surgeons and Pathologists
DISCUSSION
in this study we wanted to evaluate the intraobserver and interobserver agreement between participants who grade colon cancer specimens as part of the clinical service on a regular basis. in round 1, all of the specimens were evaluated according to current routine practice. here we found substantial variation in the distribution of specimens classified in the mesocolic plane between surgeons and pathologists and for some participants after repeating the evaluation. these results led to a consensus meeting to develop uniform principles for the grading procedure, and for round 2 the variation in grading distribution was less pronounced. in both round 1 and round 2, the agreement between participants showed substantial variation (κ values ranged from 0.14 to 0.58). the intraobserver variability was less pronounced than the interobserver variability. a subgroup describing the difference between left-and right-sided specimens would have been interesting but was not possible because of the small sample size.
the major strength of this study is the strict methodology in how the participants evaluated each specimen and the use of one of the developers of mesocolic grading as the reference. the same specimen has been evaluated 6 times by pathologists and surgeons from 2 different centers, which stress out the individual differences in the evaluation system. limitations lie in the relatively small number of specimens evaluated. in particular, the small number of resections in the muscularis propria plane makes evaluation of this group potentially unreliable. Because avoidance of the muscularis propria plane appears to be an important factor for patient survival, we recommend a larger study enriched for muscularis propria plane specimens to ensure consistency in the evaluation of suboptimal specimens. evaluations in the current study were performed on high-resolution photographs of specimens; however, it is not clear whether the differences reported would be reproduced if the participants had prospective access to the fresh specimens and the ability to interrogate them from all angles. an evaluation based on fresh specimens would be optimal but was impossible to undertake in our study.
after the proposal of Cme as the optimal method of colon cancer resection, pathological grading of the specimen according to the plane of mesocolic dissection be-came a new way of evaluating the quality of surgery. the study from West et al 5 in 2008 became a key article and explained the principles for grading Cme specimens. the surgical and pathological techniques were developed from total mesorectal excision surgery and evaluation, and the specimen is similarly described to be in the mesocolic, intramesocolic, or muscularis propria plane. through this evaluation, the standardized assessment of colon cancer specimens by pathologists makes it possible to compare the quality of surgery between surgeons and different institutions. to our knowledge, no other study has yet validated the histopathological evaluation of colon cancer specimens.
Colon cancer specimens show more varied anatomy because of the different regions of the colon when compared with rectal cancer specimens, so it might be expected that agreement in mesocolic grading would be worse than mesorectal grading. two previous studies have shown variation in the pathological grading but only for total mesorectal excision specimens. a similar project has been undertaken for the evaluation of the mesorectal plane in rectal cancer resection. 14 specimens assessed by local pathologists were re-evaluated by a review committee using digital photos. like the present study, the concordance was low, with a κ of 0.41 (95% Ci, 0.30-0.52), although they re-evaluated a higher number of specimens. the conclusion is that there is a need for more objective and reproducible criteria in pathology.
the second study was a meta-analysis for the pathological evaluation of rectal cancer specimens and demonstrated a substantial variation in plane of resection between centers, 15 which could represent differences in the quality of the surgery rather than grading between pathologists. this novel study illustrates 2 important issues regarding the grading of Cme specimens. first, the evaluation of Cme specimens is developed to reflect the surgical quality of the resection. the low κ values in the study reflect the fact that the principles of pathological specimen grading do not produce a truly objective score. even the development of a uniform set of detailed instructions did not increase the κ values significantly. it is therefore difficult to agree on the true quality of a specimen. Despite this, the study shows a high level of intraobserver agreement for some of the participants, which implies that, with experience, consistency in the evaluations will likely occur. even with the level of subjectivity observed, specimen grading is believed to be an important component of surgical quality evaluation. it can be used to compare how surgeons in one unit change over time and provide individual feedback in postoperative multidisciplinary meetings by a review of specimen photographs. similar subjective systems with significant intraobserver agreement are used in routine practice in colorectal cancer pathology to stratify patient care, including tumor differentiation, tumor budding, regression grading after preoperative treatment, and vascular invasion.
the most important component of Cme to improve patient survival is believed to be resection in the mesocolic plane. one study showed that resection in the muscularis propria plane was significantly associated with reduced overall survival after colon cancer resection. 5 our study showed the worst level of agreement for the muscularis propria plane; however, there were very few specimens with major defects, and therefore additional investigation is needed. the grading of mesocolic planes by pathologists does not currently have a direct consequence for the treatment of patients with colon cancer in Denmark. it is routinely implemented as a part of the Danish national guidelines 16 to raise the surgical quality of colon cancer treatment. it is therefore mandatory for Danish pathologists to evaluate colon cancer specimens according to the resection plane and to record this in the pathological report.
the second issue of Cme evaluation is the comparison of results between hospital units. the proportion of specimens resected in the mesocolic plane has become an accepted method of documenting the quality of colon cancer surgery between surgical departments in addition to other variables, including lymph node yield, and has been presented in several articles detailing the introduction of Cme. the uniformity of these evaluations for colon cancer has never been tested, and, as this study shows, the gradings can vary substantially between individual pathologists. this degree of variation suggests that comparing results between units should be undertaken cautiously. the grading of the specimen appears to depend on both the skill of the surgeons and the interpretation by the pathologist. in our study, we identified less variation in the proportion of specimens resected in the mesocolic plane after the agreement of uniform grading principles (appendix 1). this demonstrates that, after detailed standardization of the guidelines, a comparison of specimens resected in the mesocolic plane between hospitals is a reasonable method of assessing variation in surgical quality.
the grading of colon cancer specimens is an important tool in measuring the quality of the surgery, but this is not an objective assessment, and we require an internationally accepted uniform protocol to get more comparable results. this could be augmented by an online resource containing a series of good examples with a test set to illustrate the evaluation of specimens and ensure consistency of results.
CONCLUSION
We have demonstrated significant variation in the grading of colon cancer specimens between pathologists. We suggest that the pathological grading of quality of colon cancer specimens requires additional training and standardization before routine implementation in clinical practice. therefore, caution should be taken when comparing the results between different hospitals unless a detailed uniform protocol is followed.
APPENDIX 1
Grading the Plane of Mesocolic Surgery the plane of surgery should be determined from specimen photographs by assessing the surface of the mesocolic dissection and classified as being in the mesocolic, intramesocolic, or muscularis propria plane.
General Points
1. Grading should be undertaken primarily on the whole (preferably fresh but can be formalin fixed) specimen photographs (where available) backed up by evidence from the cross-sectional slices. apparent defects appearing on the slices that are not visible on the whole specimen (provided that the whole-specimen views are clear) should be ignored and presumed to be artefactual. similarly apparent defects appearing on the fixed whole specimen that are not visible on the fresh specimen (provided that the fresh specimen views are clear) should be ignored and presumed to be artefactual. if defects are present on the whole specimen pictures but not visible on the slices then it can be presumed that the area containing defects has not been included in the slices; the whole specimen assessment therefore should be used. Cross-sectional slices are most useful for assessing the depth of defects noted on the whole-specimen photographs. as a guiding principle, the plane should be assessed on the fresh whole specimen first and confirmed by evidence generated from the fixed whole specimen and slices. 2. the mesentery that is present on the specimen should be graded and not the mesentery expected to be present. this means that D1 and D2 resections with an intact mesentery should be graded in the mesocolic plane. Data regarding the central radicality of resection will be collected through the tumor/nearest bowel wall to high tie measurements. the only exception is where there is no mesentery surrounding the muscle tube of the bowel in the region of lymphatic drainage; these should be classified as muscularis propria plane.
this is still mesocolic despite minimal mesentery attached. 3. only the region of mesocolon within the lymphatic drainage of the tumor should be assessed. this includes the area between the vascular pedicle(s) on either side of a tumor that would ordinarily be within 10 cm of the tumor-bearing segment. if the tumor lies midway between 2 pedicles, then the area between the 2 pedicles is presumed to be the area of drainage. if one of the pedicles is within 10 cm of the tumor, then drainage can occur up to the 10-cm point. this is still mesocolic despite a defect in the mesentery beyond the drainage area. 4. the worst area within the region of lymphatic drainage should be used to determine the grade, not the predominant grade. any sufficient defect is therefore significant. 5. in some specimens, a thin translucent peritoneal window is seen in the mesocolon formed by a bilayer of fused serosal layers with no intervening fat. isolated disruption of these windows should not downgrade the specimen from the mesocolic plane.
this is still mesocolic despite disruption of the window. 6. on the cross-sectional slices of a right hemicolectomy specimen, it is easy to get confused with the smoothness or irregularity of the retroperitoneal resection margin. Both mesocolic fascia and muscularis propria can appear smooth, so it is important to determine whether any connective tissue is visible between the muscularis propria and the margin. similarly, extrafascial resections (deep to the posterior mesocolic fascia) may appear irregular but should be classified in the mesocolic plane. 7. if specimens (especially laparoscopic assisted) have separation of the vessels at their origin, only then is the mesocolic plane appropriate. if the separation extends into the mesentery, then this should be classified as intramesocolic.
this is mesocolic this is intramesocolic 8. the mesocolic region within 1 cm of the longitudinal resection margins should not be evaluated, even if it falls within the lymphatic drainage region. the distal margin in left-sided specimens can often be irregular, and we should not downgrade on this basis as long as it is within 1 cm of the margin. 9. all of the specimens should be graded wherever possible.
the rate of ungradable specimens should be exceptionally low. it is accepted that grading from photographs will not be as accurate as grading the physical specimen, but every effort should be made. 10. sometimes the cross-sectional slices can reveal a more extensive mesentery than the whole specimen photographs suggest because of distortion and/or failure to lay the mesentery out flat. the integrity of the mesentery is still assessed in the same way, starting with the whole specimen assessment and confirmation on the slices.
Mesocolic Plane (Good-Quality Specimen)
1. there should be an intact and smooth mesocolic surface covered by peritoneum or fascia (where appropriate). only minor surface irregularities are allowed (see below). 2. any peritoneal or fascial defects must be no deeper than 5 mm from the adjacent surface. there is no restriction to the width of superficial defects, that is, a large area where the peritoneum or fascia has been stripped but where the defect is <5 mm deep should still be classified in the mesocolic plane.
Intramesocolic Plane (Moderate-Quality Specimen)
1. there may be only moderate bulk to the mesocolon with significant irregularity of the peritoneal or fascial surface in at least 1 area that is deeper than 5 mm. 2. the muscularis propria should not be visible within these defects (either on the whole specimen or slices).
Muscularis Propria Plane (Poor-Quality Specimen)
1. there may be little bulk to the mesocolon, and there will be at least 1 extensive defect that extends down to the muscularis propria. this often requires identification on the whole-specimen photographs and confirmation of the depth on the cross-sectional slices. 2. occasionally muscularis propria is obviously visible on the whole-specimen photographs. if significant defects are apparent but muscularis propria is not definitely visible and cross-sectional slices do not include the area of interest, then the intramesocolic plane is appropriate.
